MS and
13 C-NMR spectral data ( 1 H-NMR spectrum of 2 showed a singlet of the methylsulfinyl group at d 2.65 and broadered signals from two olefinic protons centered at d 6.60 and a prochiral CH 2 group at d 4.34. A 2D-COSY spectrum confirmed that the two groups were coupled. A high resolution spectrum (32 K data points and Loretz-Gaussian multiplication of the fid) converted these two signals into two AB quartet patterns with strong central lines and weak wings because of tight coupling and extra lines due to vicinal and allylic coupling. The olefinic protons gave one signal at d 6.63 (Jϭ14.8, 1.0 Hz) and another at d 6.58 (Jϭ14.8, 2.6 Hz). The prochiral CH 2 group gave a doublet of doublets of doublets patern centered at d 4.36 (Jϭ18.4, 2.6, 1.0 Hz) and a doublet of doublets centered at d 4.32 (Jϭ18.4, 2.0 Hz). The latter J (2.0 Hz) could not be observed in the patern for the olefinic signal presumably because of 2nd order effects. The molecular formula of 2 differed from that of 1 by one oxygen. Compound 2 was thus identified as the sulfoxide related to 1, trans-3-methylsulfinyl-2-propenol.
The acetate derivative (2a) of 2 showed spectral data ( 1 Hand 13 C-NMR) (Experimental and Two new sulfur-containing compounds, trans-3-methylsulfonyl-2-propenol (1) and trans-3-methylsulfinyl-2-propenol (2) were isolated together with trans-3-methylthioacrylamide (3), entadamide A (4) and entadamide C (5) from the leaves of Clinacanthus siamensis. The structures were established on the basis of the spectroscopic data. The compounds were tested for antimalarial and antimycobacterial activity.
Key words Clinacanthus siamensis; Acanthaceae; leaf; sulfur-containing compound Compound 3 was determined to be trans-3-methylthioacrylamide by comparison its spectral data (UV, IR, 1 H-NMR and MS) with those previously reported.
1) The 13 C-NMR of 3 was assigned by a combination of DEPT, HMQC and HMBC experiments ( Table 1 ). The methylthioacrylamide derivative 3 was previously isolated as a metabolic product from methionine in Streptomyces. [1] [2] [3] Compounds 4 and 5 were identified as entadamide A and entadamide C, respectively by comparison of their spectral data with those previously reported. 4, 5) The 1 H-and 13 C-NMR spectral data for the acetate derivative (4a) are provided in the Experimental and Table 1 , respectively. Entadamide A (4) and entadamide C (5) were previously isolated from the seeds of Entada phaseoloides (Leguminosae). 4, 5) Entadamide A was found to inhibit 5-lipoxygenase activity of RBL-1 cells, suggesting that entadamide A may be an example of a new type of antiinflammatory drug.
6) It is important to note that the glucosides of compounds 1, 3 and entadamide C (5) have been isolated from the leaves of the plant said to be Clinacanthus nutans. 7) In our hands C. nutans leaves yielded not sulfur-containing compounds, but cerebrosides.
11)
trans-3-Methylthioacrylamide (3) possessed antimycobacterial activity with the MIC value of 200 mg/ml, while compounds 1, 2, 4 and 5 did not exhibit any activity. All of the isolated compounds (1-5) (EC 50 Ͼ20 mg/ml) did not show activity in an in vitro screening against Plasmodium falciparum.
Experimental
Melting points are uncorrected. Optical rotations were determined with a Jasco digital polarimeter. UV spectra were recorded with a Shimadzu UV-240 spectrophotometer. IR spectra were recorded with a Jasco A-302 spectrophotometer.
1 H-and 13 C-NMR were measured in CDCl 3 or CDCl 3 -DMSO-d 6 on a Bruker Avance 400 (400 MHz for 1 H-NMR and 100 MHz for 13 C-NMR) spectrometer. Chemical shifts are given in d (ppm) with tetramethylsilane as an internal standard. MS were recorded on a VG 7070 mass spectrometer operating at 70 eV or with a VG Quattro triple quadrupole mass spectrometer for the electrospray mass spectra. Column chromatography was carried out on Kieselgel 60 (Merck 70-230 mesh or 230-400 mesh). TLC and PLC were performed on precoated silica gel 60 F 254 plates (Merck); spots were detected by UV or spraying with 1% CeSO 4 in 10% aq. H 2 SO 4 following by heating. A voucher specimen (Bansiddhi 9764) of the plant material has been deposited at the Herbarium, the Division of Medicinal Plant Research and Development, Department of Medical Science, Nonthaburi, Thailand.
Extraction and Isolation The fresh leaves of Clinacanthus siamensis (3.4 kg) were extracted with 95% EtOH at room temperature. After filtration, the filtrate was evaporated to give a dark green thick oil (291.5 g) which was partitioned between water (700 ml) and EtOAc (3ϫ500 ml) and the water layer then extracted with n-BuOH (4ϫ300 ml). Removal of the solvent of each fraction gave the EtOAc-soluble fraction as a dark green oil (46.3 g), the n-BuOH-soluble fraction as a brown thick oil (51.9 g) and the water fraction as a brown solid (196.8 g) .
The n-BuOH-soluble fraction (51.9 g) was separated by flash column chromatography using silica gel 60 (230-400 mesh, diameter 13 cmϫ height 5.0 cm) and the column was eluted with (500 ml each) EtOAc, gradient of EtOAc-MeOH Acetylation of 1 A mixture of 1 (54 mg), pyridine (0.5 ml) and Ac 2 O (0.5 ml) was heated at 80°C for 2 h. After the usual work up, the crude acetate derivative (1a) was obtained as a brown oil (119 mg), which was purified by a column of silica gel (70-230 mesh, 3 g) with hexane-EtOAc (1 : 1, 1 : 2, 1 : 3) as the eluent to give 1a as a pale yellow oil (44 mg C-NMR data: Table 1 . Acetylation of 2 A mixture of 2 (49 mg), pyridine (0.5 ml) and Ac 2 O (0.5 ml) was refluxed for 1 h. After the usual work up, the crude acetate derivative (2a) was obtained as a yellow oil (16 mg) which was purified by column chromatography using silica gel (70-230 mesh, 3 g) and hexaneEtOAc C-NMR spectral data were identical to those previously reported.
4)
Acetylation of 4 A mixture of 4 (175 mg), pyridine (0.5 ml) and Ac 2 O (0.5 ml) was refluxed for 1 h. After the usual work up, the crude acetate derivative (4a) was obtained as a yellow oil (47 mg), which was chromatographed on a column of silica gel (70-230 mesh, 5 g) with hexane-EtOAc (4 : 1 Hand 13 C-NMR spectral data were identical to those previously reported.
5)
Antiplasmodial Assay The Plasmodium falciparum (K1, multidrug resistant strain) was cultured continuously according to the method of Trager and Jensen. 8) The quantitative assessment of the antiplasmodial activity in vitro was performed by mean of the microculture radioisotope technique based upon the method described by Desjardins et al. 9) Standard sample, chloroquin diphosphate (IC 50 value of 0.16 mg/ml, 0.31 mM) was used as reference compound for the assay.
Antimycobacterial Assay The antimycobacterial activity was assessed against Mycobacterium tuberculosis H37Ra using the Microplate Alamar Blue Assay (MABA). 10) Standard drugs, isoniazide (MIC of 0.040-0.090 mg/ml) and kanamycin sulfate (MIC of 2.0-5.0 mg/ml) were used as reference compounds for the assay.
